Introduction: Tooth colour selection is one of the critical elements that guarantees a patient's satisfaction of a prosthetic restoration. There are different possible methods used in dental colour selection; however, each of them has some disadvantages. Objectives: The aim of the study was to compare the results of tooth colour selection carried out by means of two independent spectrophotometers using the same 3D-Master scale.
INTRODUCTION
The perception of colour results from the physiological reaction to the physical stimulus, which is light reflected from the surface of the observed object. Its inter pretation includes both physical and physiological as well as psychological elements. Light visible to the human eye is electromagnetic radiation with a wavelength between approximately 400 and 700 nm, which is picked up by cells located in the retina of the eye, called rods and cones. Then, the physical stimulus is transformed into a nerve impulse, which is further transmitted by two separate nerve channels to the visual centre located in the cerebral cortex, where the stimulus is interpreted [1] .
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Determination of the colour is therefore a complex and very subjective process. It is influenced by, among others, the following factors depending on the observer: experience, age, gender, genetic type of colour vision, eye fatigue, and emotional state. External factors that affect the perception of colour, are: intensity, temperature and angle of light rays, the colour of the dentist's surgery walls, dental unit, patient's clothes, face makeup, or background shade determined by the gums [2, 3] . The dynamic development of new dental materials and techniques for their use, as well as the ever-growing aesthetic requirements of patients in the world striving for perfection, pose a difficult task for a dentist in relation to the choice of colour for prosthetic restorations. The visual methods used to assess the colour of the tooth by comparison to the original colour samples can be insufficient [4] . These methods are gradually being replaced by instrumental methods, which are becoming increasingly available and popular due to their high degree of independence and precision in the choice of colour. Instrumental methods for tooth colour evaluation are colorimeters, spectrophotometers, extra-and intraoral cameras, and digital cameras. Despite considerable technological advancement, however, these devices are not without limitations and defects [5] [6] [7] [8] . The evaluation of the real effectiveness of the spectrophotometers used and the reproducibility of the results obtained, based on their measurements, remains an unresolved issue. The null hypotheses of the study assumed uniform results for two different spectrophotometers used in colour selection of acrylic prosthetic teeth.
OBJECTIVES
The aim of the work was to research the differences between the results obtained from two independent spectrophotometers, based on the same Vita 3D-Master shade guide, used for colour selection of prosthetic teeth.
MATERIAL AND METHODS
The research was conducted in the Department of Prosthodontics of the Medical University in Wroclaw (Poland). The test material consisted of 100 acrylic upper right incisors, used in dental prosthesis, produced by the Wiedent Estetic company (Łódź, Poland). They were divided in terms of colour into two groups of 50 teeth each. The group G1 included teeth the colour of which had been designated by the producer as G1, and the group G2 included teeth that had been designated as G2. In both groups, a comparative analysis of tooth colour was carried out using two independent electronic devices for colour measurement, based on the 3D-Master scale. The evaluation of the colour of acrylic teeth on the Vita 3D-Master scale included its three components: selection of the brightness of the colour within five brightness groups, choice of colour intensity (chroma) in the three saturation groups, and selection of hue (in the scale between yellow L, middle hue M, and red R). For its implementation, an Easyshade spectrophotometer by Vita Zahnfabrik (Bad Sackingen, Germany) and a SpectroShade by MHT SpectroShade (Verona, Italy) were used. Both devices have the option of selecting average mode values when determining the brightness and intensity of the colour.
The Easyshade spectrophotometer consists of an LCD screen, a microcomputer, and a testing tip, which contains 19 optical fibres and its own independent light source. The colour evaluation was carried out by applying a test tip, covered with a foil cover provided by the manufacturer, in the central part of the tooth's labial surface, taking into account the distance of 1 mm of the tip from the incisal edge and the tooth's neck. Measurements were made until three consecutive results were obtained.
The SpectroShade spectrophotometer consists of an LCD screen, a microcomputer, and a digital camera with its own independent light source. The tip with the camera covered with a casing was used to measure the colour of teeth in their middle part, until three identical results were obtained. For both devices, the teeth were placed on a black material background.
The analysis of the results was carried out using the Statistica PL version 12 computer program. The data contain quantitative and qualitative information. In the first stage of the analysis, descriptive statistics were made. To verify hypotheses regarding differences in sets of data on brightness and intensity in individual groups, Student's t-test for dependent variables was used. The chroma hypotheses were verified using the non-parametric Wilcoxon test.
Verification of hypotheses was made according to the following scheme: 1) checking the assumptions of the selected test (the normality of the data distribution was checked using the Shapiro-Wilk test and the homogeneity of variance using the Levene test); 2) calculation of the p-value by means of the chosen test (depending on the Shapiro-Wilk test result and the Levene test, parametric Student's t-tests for dependent variables or Wilcoxon's non-parametric tests were used); 3) deciding whether or not to reject the null hypothesis at the adopted level of significance. The significance level α = 0.05 was assumed. The p values lower than 0.05 were assumed statistically significant.
RESULTS
The results of the colour brightness evaluation obtained with both spectrophotometers for the G1 group are presented in Figure 1 . Analogous data for the G2 group are presented in Figure 2 . The test results showed an average brightness of 2.20 with a standard deviation of 0.29 for measurements with the Easyshade device in the G1 group, and in the G2 group average brightness of 2.93 with a standard deviation of 0.34. For SpectroShade measurements, the average brightness in the G1 group was 2.10 with a standard deviation of 0.27, and in the G2 group it was 2.75 with a standard deviation of 0.45. Statistical analysis showed statistically significant differences between the measurement results from both devices.
The results of the colour intensity assessment for the G1 and G2 groups are presented in Figures 3 and 4. The results of the tests showed the average intensity for Easyshade device measurements as follows: 2.51 with a standard deviation 0.38 in the G1 group, and 2.90 with a standard deviation of 0.23 in the G2 group. For SpectroShade measurements, the average intensity in the G1 group was 2.40 with a standard deviation of 0.39, and in the G2 group it was 2.85 with a standard deviation of 0.27. Statistical analysis showed statistically significant differences between the measurement results from both devices.
Statistical analysis did not show statistically significant differences between the measurement results of both devices for hue values. leads to the rejection of the null hypothesis. Analysis of the results obtained for the evaluation of acrylic teeth chroma using the Wilcoxon and Bahapkar test indicates no grounds for rejecting the verified null hypothesis. The occurrence of statistically significant differences in the scope of two of the three parameters examined between the devices suggests a certain degree of inconsistency between spectrophotometers. The received test results, in relation to the brightness and intensity of colour, coincide with the results of Lagouvardos et al. [21] , who obtained higher values for the Easyshade device compared to the ShadEye NCC spectrophotometer. Also, the results of studies by Zenthofer et al. [22] , who compared the effectiveness of colour measurement with the Easyshade Advance and Easyshade Compact spectrophotometers, confirm the occurrence of discrepancies between the devices, and the existence of statistically significant difference in the accuracy of both devices (p = 0.001). The above observations are not confirmed by the results obtained by the Kalantari research group [23] , who compared the Easyshade with the Shadepilot spectrophotometers and did not find statistically significant differences between the results. Tsiliagkou et al. [24] , who compared the measurements obtained by three spectrophotometers (Easyshade, Spectroshade, and Shadevision) with regard to the Vita Classical and Vita 3D-Master shade guides (five colours from each colour palette), obtained similar results in their studies. The results obtained by the authors of the above study do not prove the lack of suitability of the spectrophotometers tested, but the necessity of a greater unification of spectrophotometers' operation abilities by the manufacturers, as well as the necessity of applying a certain amount of distrust, leading to the verification of instrumental measurement results with a visual examination using a classic shade guide [25] . The results of studies by Weyhrauch et al. [26] , who compared eight copies of the Easyshade Advance spectrophotometer, indicate high reproducibility of the measurement results and their suitability in the choice of colour. The differences between our result and the results of some other authors may result from slight differences in the manner of colour measurement and the calibration of devices.
CONCLUSIONS
Based on the above research, we can conclude that there are some differences in results obtained from spectrophotometers used for colour selection. Differences in measurements between spectrophotometers suggest the need to verify the results obtained by one device, by using a different device or another method. The objectivity of spectrophotometers is limited, and it is recommended that dentists use both visual and instrumental methods simultaneously.
DISCUSSION
The choice of tooth colour is a key element during the restoration of lost tooth hard tissues as well as prosthetic reconstruction of missing teeth. It is also important to pass colour data to the prosthetic laboratory for their interpretation by a technician and finally the transfer of the data to a ready prosthetic work. The patient's final satisfaction with dental treatment is now, to an ever greater extent, determined by their satisfaction with the aesthetic result obtained, which largely depends on the correct selection of the colour of materials used in the reconstruction [9] [10] [11] . A number of studies have been conducted that compare the choice of tooth colour using conventional visual methods based on the use of shade guides, and colour selection using instrumental methods based on the use of spectrophotometers, colorimeters, digital cameras, and extra-and intraoral cameras. The results point to the imperfection of visual methods, which are subjective, because they depend on the experience of the researcher and the influence of external factors, and so they are subject to a high probability of error. On the other hand, the instrumental methods, on the basis of the results of research, are better because they are more objective, but the correctness and repeatability of the obtained results may be affected by errors resulting from improper handling or imperfection of the devices used [12] [13] [14] [15] [16] [17] [18] [19] [20] .
The null hypotheses regarding the assessment of brightness, intensity, and hue of teeth assumed uniform results for both spectrophotometers used in both studied groups.
The results of the conducted tests showed that the average brightness measurement made with the Easyshade apparatus in the G1 group gave slightly higher values than the measurement made with the SpectroShade device. The difference was statistically significant (p = 0.0484). Similar differences were observed in the G2 group, in which the results of the brightness assessment obtained with the Easyshade device were higher than the results obtained using the SpectroShade device (p = 0.0066). The obtained results for the acrylic teeth colour intensity showed higher values for the Easyshade device than for the SpectroShade, similarly in both groups, with the statistical significance level in the G1 group, p = 0.0262, and in the G2 group, p = 0.0580. In the G2 group, the difference in average intensity values was "almost" statistically significant at the demarcating point with the value of p = 0.05.
On the basis of the obtained test results, it was shown that there was no significant difference in hue assessment depending on the device used, both in the G1 group (p = 0.5165) and in the G2 group (p = 0.2626). Analysis of the obtained results of the brightness and colour intensity evaluation in the studied groups G1 and G2, with the assumed significance level α = 0.05,
